Measurement of Oxygen Uptake. The uptake of 02 was measured by means of a Gilson differential respirometer. Sterile precautions were taken as described previously (4). Each flask contained 10 seeds. Two flasks were included in each treatment.
bolic block.
In an attempt to gain insight into the biochemical aspects of seed dormancy, we have recently made a comparative study of carbohydrate metabolism in dormant and after-ripened seeds of Avena fatua L. (wild oat) (5) . Now we have investigated two other major metabolic processes associated with cell growth and seed germination, namely, respiration and protein synthesis.
Unlike similar stages in the life cycle of some microorganisms, namely bacterial spores, which are often described as metabolically arrested (13) Measurement of Oxygen Uptake. The uptake of 02 was measured by means of a Gilson differential respirometer. Sterile precautions were taken as described previously (4) . Each flask contained 10 seeds. Two flasks were included in each treatment.
Incorporation of 1'C-Leucine into Protein. Lots of 10 seeds were husked, pricked at the dorsal side of the endosperm (a measure which facilitates entry of the applied compounds without affecting germination), sterilized in 1 % NaOCI for 2 min, washed, placed in a 25-mi Erlenmeyer flask with 2 ml of water, shaken at 21 -:-1 C for a period of time, then transferred to 1 ml of 1 mM leucine with 2.5 ,uc of uniformly labeled '4C-leucine (specific radioactivity 290 mc/mmole, New England Nuclear Corp.), and further shaken for 2 hr. The seeds were then washed in ice-cold, nonradioactive leucine solution, homogenized, extracted in 4 ml of 0.2 M NaCl plus 0.1 mm leucine, and centrifuged at 12,000g for 15 min. The pellet was suspended in 4 ml of the salt solution and recentrifuged. One twentieth of the pooled 12,000g supernatant fraction was precipitated with an equal volume of 15% trichloroacetic acid, and the precipitate (soluble protein) was collected on a Millipore filter. The filter was dried and the radioactivity was determined in a Nuclear Chicago gas flow detector with a counting efficiency of 40% for carbon-14. The pellet was suspended in water and precipitated in the same way as above. Approximately 80% of the radioactivity associated with the acid-insoluble material could be released by pronase, a potent proteolytic enzyme of bacterial source. Thus, this material is considered as insoluble protein.
Microautoradiography of Seeds Exposed to 3H-Leucine. To locate the sites of protein synthesis, the seeds were exposed to L-leucine-4, 5-3H (specific radioactivity 6.0 c/mmole, Schwarz BioResearch), then washed in nonradioactive leucine, fixed, dehydrated and infiltrated with paraffin according to the technique of Feder and O'Brien (7). Sections 5 to 8 ,u thick were placed on a slide, dewaxed, coated with Kodak nuclear track emulsion type NTB 3, exposed, stained with toluidine blue-acid fuchsin, mounted, and examined under the microscope (10).
RESULTS
Respiratory Intensity. The rate of respiration (02 uptake) in dormant seeds was low as compared to that of nondormant seeds; the difference could be detected from the early hours of soaking ( Fig. 1) . In both kinds of seeds, the rate increased with time. However, in the dormant ones it reached a steady state following soaking, the difference in the respiratory intensity during the latter hours must be largely the effect of germination.
Rate of Protein Synthesis. Lots of 10 seeds were preincubated for 6, 10, or 16 hr and then exposed to 4C-leucine for another 2 hr at 21 1 C. The incorporation of the label into trichloroacetic acid-insoluble material was determined. Table I shows the result of a typical experiment. Within the limits of error, the rates of amino acid incorporation in the two types of seeds are comparable up to 12 hr of soaking. Obviously the low rate of respiration in dormant seeds did not limit the rate of protein synthesis. A dramatic increase in incorporation was observed in the nondormant (after-ripened) seeds after 16 hr of imbibition, that is, at the beginning of root protrusion.
The newly synthesized protein in A. fatua seeds seems to be stable. In a pulse-chase labeling experiment (Table II) , we exposed the seeds to '4C-leucine from the 6th to the 8th hr following soaking, then homogenized one lot and measured the radioactivity incorporated into protein. The other lot was washed, "chased" in '2C-leucine for 4 hr, and then processed in the same manner. The radioactivity in the protein, instead of decreasing, somewhat increased after the chase. This suggests that at least during the 8-to 12-hr period, the protein already synthesized was not degraded to any significant extent, and that part of the free '4C-leucine taken up into the protein precurse was further incorporated into new protein while, Seeds were preincubated at room temperature for 6 hr, then shaken in 2 ml of 0.5 mm leucine with 10 ,uc of '4C-leucine for 2 hr, washed and (a) homogenized, or (b) further shaken in 0.5 mM carrier leucine for 4 hr before homogenization. 
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The after-ripened seeds incorporated an increasing amount of 1610 "IC-leucine as incubation proceeded, especially after 3 days, Plant Physiol. Vol. 46, 1970 when most seeds had germinated. When the seeds were treated with 1 mm GA3, they germinated faster (80% in 1 day), and amino acid incorporation increased already in the 1st day. Incorporation in dormant seeds, instead of increasing, showed a slight reduction as incubation went on. Chloramphenicol (about 10 ,ug/ml), cycloheximide (about 10 ,ug/ml), and actinomycin D (100 ,lg/ml) inhibited the incorporation 14C-leucine into protein by 30, 91, and 34%O, respectively (Table III) . It is noteworthy that in this experiment, during the 10-to 12-hr period, after-ripened seeds incorporated 32%o less radioactivity than did dormant seeds, and that gibberellic acid caused a further reduction of incorporation in the after-ripened seeds continuously treated with GA3. The amount of radioactivity incorporated is a combined function of the rate of protein synthesis and the specific radioactivity of '4C-leucine in the seeds. In order to compare the rate of protein synthesis, the specific radioactivity of '4C-leucine in each treatment has to be the same. To achieve this, an excessive quantity of carrier (nonradioactive) leucine (5 mM) was included in the isotopic medium to render the contribution from the endogenous amino The seeds were exposed to 54C-leucine (2 ,uc in 2 ml of 1 mM leucine) for 2 hr at 22 + 0.5 C. Treatment with 1 mM gibberellic acid (GA3), and with 100 jug/ml actinomycin D was continuous. To test the effect of cycloheximide and of chloramphenicol, the seeds were shaken in a 100 Ag/ml solution of the respective inhibitor for a period of 30 min preceding exposure to the labeled leucine, and then a concentration of 10 lg/ml of the inhibitor was included in the isotopic medium. When the seeds were exposed to actinomycin D during the first 12 hr of imbibition, the incorporation of "4C-leucine was somewhat reduced. This suggests that some DNA-dependent RNA synthesis is required for the maximal rate of protein synthesis in the seeds (cf. Ref. 3) .
Gibberellic acid probably sets in motion a sequence of reactions leading to seed germination. Enhanced protein biosynthesis is observed well before root protrusion has taken place; therefore, it could be an early preparative step toward germination. In isolated aleurone layers of barley and wild oat, gibberellins stimulate synthesis of amylases (12, 15, 14, 11) and protease (9) . It has been stated that gibberellic acid promotes seed germination by enhancement of hydrolase synthesis (1, 8) . However, when the time course of amylase development was followed in the whole grains, it was found that the increase of amylase activity occurred 1 or 2 days after root protrusion, an accepted criterion for seed germination. Thus, germination precedes amylase synthesis. The development of amylase is evidently brought about in the endosperm in response to a stimulus from the growing embryo, most likely gibberellins (16) , and the buildup of amylases is a postgermination phenomenon, essential for seedling growth but not a limiting factor in initiation of seed germination (6) . The question of how gibberellins induce germination in dormant seeds remains moot.
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